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PREFACE 
This report is the first of a series dealing with the 
upstream movement in the River Lune of 9704 salmon* The 
other reports will cover the following: 
"The movement of salmon at different air and water temperatures" 
"The movement of salmon during darkness and daylight" 
"The movement of salmon in rising, falling and steady river 
flows, related to river regulation" 
"The effect of reduced river flows on estuary conditions and 
the netting of salmon" 
Prom 9th April i960 to 30th June 1963s, 371-6 salmon were 
visually recorded against water level as they moved upstream 
at a variety of levels from 2 inches to 40 inches• Prom 
July 1963 to October 1966, 5988 salmon were monitored 
electronically against water level, air and water temperaturet 
barometric pressures humidity and timeo 
Prom 1960 to 1966, 29,902 salmon were caught by the 
netsmen and rod fishermen,, and the detailed figures are 
given in the appendix. The 9704 salmon sampled at Broadraine 
are 32«45$ of the total catch figures• It is unlikely that 
anyone else anywhere has sampled such a large proportion of 
the salmon stock in any river system, and nowhere has any 
electronic monitoring been carried out on the movement of 
salmon, correlated accurately to time, water level, 
temperature and other parameters:* 
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Perusal of this report should go a long way to removing any 
doubts as to the value of the somewhat sophisticated electronic 
equipment that has now been in operation for nearly five years• 
The National Environmental Research Council has now set up a 
research unit to investigate fish counting techniques, and it 
will be interesting to see what differences, if any, emerge 
from their findings as compared with these now presentedo 
I have considered it advisable$ especially as this is the 
first factual report ever to be produced on the electronic 
monitoring of upstream movement of fish in a natural habitat, 
to test the validity of the River Lune results with those 
obtained from another river, i.e. the River Leven0 
The Lune results, when compared with those from the Leven, 
will show a marked degree of conformity* This conformity in 
fish activity in rivers so vastly different in character 
demonstrates that -
(a) the upstream movement of fish is not capricious 
but predetermined, and 
(b) that a specific water requirement is necessary for 
"fishery" maintenance for a definite period of time0 
(c) that the water requirement for "fishing" will be 
conditional upon the availability of the higher 
river flows that occur naturally. 
Throughout "fish" must be interpreted as salmon0 
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INTRODUCTION 
The River Lune is a small river when compared with the Rivers 
Thames, Severn and Trent. It is 54 miles in length from source to 
mouth. Its source is near Ravenstonedale (National Grid Reference 
370/05), and the mouth is at Skerton Bridge in the City of 
Lancaster. Prom Lancaster it continues via the estuary into the 
Irish Sea, a distance of seven miles. 
This river now has the second highest catches of salmon in 
England and Wales. 3,000 to 4,000 sea trout are caught annually 
but do not form any part of the following report: the river flows 
herein recorded as a requirement for salmon will undoubtedly give 
security to sea trout» 
The water throughout the length of the river is of good 
quality, suitable for domestic and industrial use. The average 
daily flow is assessed as being 670 million gallons per day. The 
volume of water for domestic consumption is small when compared 
with the river flow. 7.3 million gallons is removed by the Lune 
Valley Water Board each day to supply the City of Lancaster and a 
small surrounding area. 30 million gallons per day is used by 
industry within the city. A proportion of these abstractions is 
returned to the estuary as industrial trade waste or sewage 
effluent at Stodday, approximately two miles below Lancaster. 
For cooling purposes, 76 million gallons per day is abstracted 
by the Central Electricity Authority at their Lancaster Power 
Station and 95% of this is returned to the river in the same con-
dition as abstracted but at a higher temperature. 
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It was possible, from July 1963, to record continuously 
water levels and air ard water temperatures as they varied over 
a period of 24 hours and to relate to them electronically the 
movement of fish. I would express my personal thanks to the 
predecessors of this Authority, the Lancashire River Board, for 
the encouragement they gave me and for granting facilities for 
this pioneering work to be carried out. 
The sensing unit for fish counting comprised a modified 
"Maxwell" bridge connected to three stainless steel electrodes 
in a fibre-glass tube. These electrodes were connected to the 
electronic counters„ The tube was at the outlet of the fish 
pass to the river, and over the years this has worked 
satisfactorily. Further research into fish counting enabled 
the development of another technique - the size discrimination 
of fisho 
From July 1963 to April 1964 1556 fish were electronically 
counted and from April 1964 to October 1966, a total of 5988 
fish were recorded. 3716 fish had been visually counted during 
the years 196O to 1963, giving a total of 9704 fish in the 
seven years covered by this report. 
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THE BROADRAINB WSIR AND THE FISH MONITORING STATION 
___ »___ _______ __ _ __ , __ 
/ 
The weir was built in i860 to supply water to the Broadjraine 
Corn Mill. It is 1l8 feet long and has a vertical height of 
8!3" when measured from the river bed. It is made of smooth 
faced concrete. The downstream, sloping face of the weir 
measures 20 feet. It is eight miles from Kirkby Lonsdale and 
four miles from Sedbergh, as shown on the location plan opposite. 
The whole of the weir and part of the Broadraine Corn Mill .are mow 
owned by the Lancashire River Authority. Over the years vairioitas 
modifications have been made to the weir. A new fishway has bees 
constructed, and electronic equipment installed. 
Broadraine Trapping and Fish Counting Station 
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THE ELECTRONIC MONITORING OF FISH AND OTHER 
NATURAL PARAMETERS IN THE RIVER LEVEN 
The illustration opposite shows the monitoring unit 
conceived and designed by the Fishery Officer in 1964 and 
assembled by the staff of the Fishery Department of the 
Larcashire River Board. In August 1964 it was brought formally 
and officially into operation by the late Mr. F. T. K. Pentelow, 
Chief Inspector of Fisheries to the Ministry of Agriculture, 
Fisheries and Foodo At this time fishery instrumentation was 
looked upon with scepticism, and still is by many people. In 
view of these doubts it was necessary to ensure that the 
information coming from the instruments was to the highest 
degree of accuracy. They were repeatedly checked} various 
calibrations and tests were made up to December 1964 and from 
then on having achieved the accuracy required, the continuous 
monitoring of the following parameters was possible -
Water Level 
Turbidity 
Humidity 
Barometric Pressure 
Air Temperature 
Water Temperature 
Dissolved Oxygen (9.00 a.m. daily) 
Fish Length 
Fish Numbers 
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Visual Observations 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR APRIL 1960/61/62763 
Numbers of Fish and Water Levels Recorded at 9«00 a.m. each day 
Visual Observations 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR MAY 1960/61/62/63 
Numbers of Fish and Water Levels Recorded at 9.00 a.m. each day 
Visual Observations 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR JUNE 1960/61/52/63 
Numbers of Fish and Water Levels Recorded at 900 a.m. each day 
Visual Observations 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR"JULY 1960/61/62 
Numbers of Fish and Water Levels Recorded at 9.00 a.m. each day 
Visual Observations 
ANALYSIS OF R I V E R FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR AUGUST 1960/61/62 
Numbers of F i sh and Water Levels Recorded a t 9.00 a.m. each day 
Visual Observations j 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR SEPTEMBER 1960/61/62 
Numbers of Fish and Water Levels Recorded at 9.00 AM. each day 
Visual Observations 
ANALYSIS. OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
Numbers of Fish and Water Levels Recorded at 9.00 a.m. each day 
FOR OCTOBER 
Visual Observations 
• ANALYSIS. OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR OCTOBER 1960/61/62 
Numbers of Fish and Water Levels Recorded at 9.00 a.m. each day 
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Between 9th April i960 and 30th June 1963, 3716 fish were 
counted, and the following tables and probit analyses demonstrate 
that salmon move at a variety of river levels, from 2 to 40 inches. 
The probit analyses show the mean water levels and - standard 
deviations. The seasonal average water level is 15*2 inches. 
River levels examined for the years 196O to 1962 show that a level 
of 15-2 inches occurs infrequently. For each of the seven month 
periods during the years 196O to 1962, a level of 15.2 inches was 
recorded for 163 days out of a total of 642, or for 2.% of the 
time. 
Towards the end of 1962 it was realised that a reliable 
correlation between river levels and fish movement would not be 
achieved by visually recording the river level and the number of 
fish entering the trap at 9.00 am. each day. Marked variations 
in river level occurred on many days. In a number of instances 
the river level rose at 10-00 am. from 4.8 inches to a maximum 
height of 3306 inches in the evening, returning to a recorded 
level of 12 inches at 9.00 am. the following day. 
To determine what level would give security to fish, a more 
detailed assessment was necessary and investigations were made 
into alternative methods of correlating fish movement with the 
fluctuations in water level in the river. 
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THE ELECTRONIC MONITORING OF FISH AND OTHER PARAMETERS 
TO PRODUCE CONTINUOUS RECORDS 
' 
The first electronic monitoring system was developed in 1962 
and was perfected in July 1963* The illustration below shows the 
first continuous monitoring unit in the world. This was 
installed on the River Lune,.at Broadraine. 
Whilst fish counters had been in operation in the Scottish 
Hydro Electric schemes and in Ireland for a number of years, 
nobody had evolved a method of recording the passage of fish 
against water level, air and water temperatures, time and other 
parameters. 
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Electronically Monitored Recordings , 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR APRIL 1964/65/66" 
Numbers of Fish and Water Levels Recorded at Time of 
.Passage of Fish through Fish Counters * 
\ 
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Electronically Monitored Recordings 
ANALYSIS OP RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR MAY 1964/65/66 
Numbers of Fish and Water Levels Recorded at Time of 
Passage of Fish through Fish Counters 
Electronically Monitored Recordings 
ANALYSIS OF RIVER PLOW RELATIONSHIP TO FISH MOVEMENT 
FOR JUNE 1964/65/66 
Numbers of Fish and Water Levels Recorded at Time of 
Passage of Fish through Fish Counters 
Electronically Monitored Recordings 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR JULY 1963/64/65/66 
Numbers of Fish and Water Levels Recorded at Time of 
Passage of Fish through Fish Counters 
Electronically Monitored Recordings 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR AUGUST 1 9 6 3 / 6 4 / 6 5 / 6 6 
Numbers of Fish and Water Levels Recorded at Time of Passage of 
fish through counters 
Electronically Monitored Recordings 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR SEPTEMBER 1963/ 64/65766 
Numbers of Fish and Water Levels Recorded at Time of 
Passage of Fish through Fish Counters 
Electronically Monitored Recordings 
ANALYSIS OF RIVER FLOW RELATIONSHIP TO FISH MOVEMENT 
FOR OCTOBER 1963/64/65766 
Numbers of Fish and Water Levels Recorded at Time of 
Passage of Fish through. Fish Counters 
THE ANALYSIS OF RIVER FLOWS ELECTRONICALLY RECORDED 
AND CORRELATED TO THE MOVEMENT OF 3,988 FISH 
Seasonal fluctuations in river levels and associated fish 
movement at Broadraine from July 1963 to October 1966 are shown 
on the graphs opposite. 
Water levels and the number of fish recorded during November 
and December, as with visually recorded levels and fish numbers, 
do not form any part of this analysis. The fish at, this time are 
held in the trap for propagation purposes and because of this 
they do not pass through the electronic counting unit, and their 
time of entry is unknown. 
Fish moved upstream for 359 days out of a total of 642, or 
for 55.9% of the time. Fish movement is greater at the higher 
river levels but a few fish move in the lower ranges of level. 
The following tables and probit analyses demonstrate that fish 
move upstream at varying river levels from one-fifth to twenty 
fifths of a foot, or from 2.4 inches to 48 inches. It should be 
noted that, whereas the water levels recorded visually are in 
inches, the levels recorded electronically are in units of one 
fifth of a foot. 
The average mean flow, calculated from the probit charts 
derived from continuous electronic monitoring over a period of 
three years, is 8.6 inches with a - standard deviation of 4.6 
inches. The corresponding figures derived from intermittent 
visual observation were 15-2 inches with a - standard deviation 
of 4.9 inches. The corresponding measurements of flow are 132 
m.g.d. and 296 m.g.d. The - standard deviations are of interest 
as they are in near conformity. 
The difference in the mean water level is striking and 
establishes beyond all doubt the importance of river instrumen-
tation and the unreliability of intermittent visual recording. 
This discrepancy of 124% poses the question as to how reliable 
are the river gauging figures that have been built up over the 
years, most of which have been obtained visually from stick 
gauges. | 
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GEOMETRICALLY CALCULATED FROM PROBIT ANALYSES 










TABLE OF HOURLY WATER LEVELS AND FISH MOVEMENT FOR 1964-1966 
THE ANALYSIS OF SEASONAL AND HOURLY WATER LEVELS 
CORRELATED TO FISH MOVEMENT FROM 1964 TO 1966, 
I have mentioned previously in this report a mean water 
level of 8.6 inches as being a calculated requirement for safe-
guarding fish. Apart from the standard deviations, this in 
itself required further investigation. 
River levels and fish movement were, therefore, broken down 
and the hourly intervals correlated to the movement of fish at 
the exact river level when they moved upstream. In addition, 
the movements of fish in relation to the seasons have been 
investigated, i.e. Spring, Summer and Autumn. The tables 
opposite show the exact river level when fish moved and the 
graphs demonstrate that there is a general tendency for fish to 
move in direct relationship to the amount of water available. 
(1) During April and May there are few fish as high up the 
river as Broadraine. The fish that are there move on 
four-fifths of a foot, or when 9.6 inches of water is present, 
(2) During June, July and August, fish move in greater numbers 
on three-fifths of a foot, or on 7.2 inches. 
(3) During September and October, movement is intense at \<?ater 
levels varying from three-fifths (7.2 inches) to five-fifths 
of a foot (12 inches) and above this level movement degreases. 
(4) During Spring, Summer and Autumn, most fish move on water 
levels of two-fifths to five-fifths of a foot, or between 
4.8 and 12 inches. 
\ 
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An analysis of hourly water level records extend-
ing over the years 1964/66 (April to October), and the 
level variations and percentage time correlated to 
percentage fish movement. 
/ 
The graph opposite demonstrates the ranges of water levels 
when the majority of fish move. These are between 4 and 13.2 
inches, or 90 to 450 cu.secs. It shows movement of fish of 9»4$ 
up to 90 cu.secs. (4«2 inches), 33.8)6 up to 245 cu.secs. (8.6 inches), 
37.2$ up to 450 cu.secs. (13.2 inches) and 19.8$ from 450 to 2,000 
cu.secs. (33 inches). 
V 
The green curve shows the water level frequency taken at hourly 
intervals from 1964 to 1966. The red curve shows fish movement 
against these hourly levels. 
80.5% of all fish in the River Lune move upstream through 
Broadraine up to levels of 450 cu.secs. (13.2 inches). 
It will be noted that a decline in fish activity takes place 
at the higher river flows. Velocity tolerances at these times may 
inhibit fish movement. Velocity tolerances in the River Lune, 
measured at differing river flows, vary from 1.4 feet per second at 
50 cu.secs. to 4«1 feet per second at 2,000 cu.secs. A steady flow 
of 245 cu.secs. (8,6 inches), demonstrated as the mean flow for fish 
movement at Broadraine when correlated to the flow at Halton (26 
miles downstream), is equal to 750 cu.secs. Here the velocity range 
would be between 1.92 and 2.68 feet per second, and these are most 
likely the toleranoes which fish prefer. 
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